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Specification 

1 . Title of the Invention 

A High Strength Copper Alloy with High Electrical Conductivity and 
Superior Oxide Film Adhesiveness 

2. Claims 

(1 ) A high-strength copper alloy with high electrical conductivity and 
superior oxide film adhesiveness characterized in that it contains from 0.1 weight 
% to 10 weight % Mn, in that it contains a total quantity of from 0.01 weight % to 
1 0 weight % of one or two or more elements selected from the group comprised 
of the following: B, P, Be, Al, As, Sb, Si, Ti, Cr, Mg, Fe, Co, Ni, Zr, Mo, Ag, Cd, 
Pb, In, Hf, Sn and rare-earth elements as accessory components and in that it is 
comprised of a balance of Cu and unavoidable impurities. 

(2) A high-strength copper alloy with high electrical conductivity and 
superior oxide film adhesiveness characterized in that it contains from 0.1 weight 
% to 10 weight % Mn, in that it contains a total quantity of from 0.01 weight % to 
10 weight % of one or two or more elements selected from the group comprised 
of the following: B, P, Be, Al, As, Sb, Si, Ti, Cr, Mg, Fe, Co, Ni, Zr, Mo, Ag, Cd, 
Pb, In, Hf, Sn and rare-earth elements as accessory components, in that it is 
comprised of a balance of Cu and unavoidable impurities, in that its surface 
roughness, that is, the center-line average roughness (Ra), is less than 0.20 urn 
and in that its maximum height (Rmax) is less than 1.5 jam. 
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3. Detailed Description of the Invention 
[Field of Industrial Use] 

This invention relates to a high-strength copper alloy with high electrical 
conductivity and superior oxide film adhesiveness that can be used for lead 
materials of semiconductor devices such as transistors and integrated circuits, 
connectors, terminals, relays and switches. 

[Prior Art] 

Conventionally, high-nickel alloys such as Kovar (Fe-29Ni-16Co) and 42 
alloy (Fe-42Ni), which have low thermal expansion coefficients and good element 
and ceramic bonding and sealing capacity, have been used preferentially as lead 
materials for semiconductor devices. However, in recent years, ICs of high 
electrical power consumption have been frequent and accompanying them there 
has been an increase in the degree of integration of semiconductor circuits. 
Resins are frequently used as sealing materials and improvements have been 
made in the bonding of elements and lead frames, with the result that copper 
base alloys of good heat radiation properties have also come into use for the 
lead frames that are used. 

In general, lead materials for semiconductor devices are required to have 
the following properties. 

(1) Since leads are electrical-signal transmitting components and since 
they are required to have the function of releasing to the exterior any heat that is 
generated in the packaging process and during circuit use, they should be made 
of materials that have superior thermal and electrical conducting properties. 
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(2) Adhesiveness between leads and molds [substrates] is important from 
the standpoint of semiconductor element protection, for which reason the 
coefficients of thermal expansion of the lead material and of the substrate 
material should be similar. 

(3) Various heating processes are applied during packaging, for which 
reason the lead materials should have good heat resistance. 

(4) An oxide film is formed between the resin and the material when the 
various heating processes are applied during packaging, for which reason oxide 
film adhesiveness should be adequate. 

(5) Almost all leads are made by punch processing or bending processing 
of the lead materials, for which reason they must be of good processability. 

(6) The surfaces of leads are plated with noble metals, for which reason 
there should be good adhesiveness with these noble metals. 

(7) The so-called outer lead parts that are exposed on the outer side of the 
sealing material after packaging are frequently soldered, for which reason they 
should exhibit good solderability. 

(8) From the standpoints of the reliability and service life of the devices, 
the lead materials should be of good corrosion resistance. 

(9) The lead materials should be of low price. 

Further, conventionally, inexpensive brass, nickel, which has superior 
spring properties and corrosion resistance, or phosphor bronze, which has 
superior spring characteristics, have been used as materials of springs for 
electrical devices, springs for measuring instruments and for springs that are 
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used in switches and connectors. However, in connectors and terminals, there 
are cases in which sealing is effected with resins and oxide film adhesiveness is 
required. 

[Problems the Invention Is Intended to Solve] 

Precipitation and hardening-type copper alloys such as oxygen-free 
copper, copper containing tin, phosphor bronze, Cu-Fe-P alloy and Cu-Ni-P alloy 
have been used conventionally as copper alloys in response to the various 
required properties of semiconductor devices as described above. 

However, in recent years, the requirements for reliability of 
semiconductors have become more rigorous and many surface mounting types 
have been developed in response to miniaturization. For this reason, oxide film 
adhesiveness that does not involve conventional problems has become an 
extremely important property. 

Specifically, because heat is applied in the process of packaging of lead 
frames, an oxide film is inevitably produced. When sealing is effected with a 
resin and when the adhesiveness of the resin with the oxide film and of the oxide 
film with the parent material are compared, the adhesive strength of the oxide 
film with the parent material is generally lower. In this case, peeling occurs 
between the oxide film and the parent material with the result that water enters 
and the reliability of the IC is markedly decreased. Consequently, oxide film 
adhesiveness is one of the most important properties for high-strength copper 
alloys with high electrical conductivity that are used for lead frame materials. 
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The oxide film adhesiveness of precipitation and hardening type copper 
alloys such as the aforementioned copper containing tin, phosphor bronze, Cu- 
Fe-P alloy and Cu-Ni-P alloy is worse than that of oxygen-free copper and cannot 
satisfy such rigorous requirements for oxide film adhesiveness. Further, with 
oxygen-free copper, the requirement for high strength accompanied by 
miniaturization cannot be satisfied. Accordingly, an improvement of the oxide 
film adhesiveness of high-strength copper alloys with high electrical conductivity 
as represented by copper containing tin, phosphor bronze, Cu-Fe-P alloy and 
Cu-Ni-P alloy is awaited. 

[Structure of the Invention] 

When the inventors conducted research in the light of these points, it was 
discovered that the addition of Mn is effective in improving the oxide film 
adhesiveness of high-strength copper alloys with high electrical conductivity, 
resulting in providing copper alloys having excellent properties as electrically 
conductive spring materials such as lead materials, connectors, terminals, relays 
and switches of semiconductor devices. 

Specifically, this invention relates to a high-strength copper alloy with high 
electrical conductivity and superior oxide film adhesiveness characterized in that 
it contains from 0.1 weight % to 10 weight % Mn, in that it contains a total 
quantity of from 0.01 weight % to 10 weight % of one or two or more elements 
selected from the group comprised of the following: B, P, Be, Al, As, Sb, Si, Ti, 
Cr, Mg, Fe, Co, Ni, Zr, Mo, Ag, Cd, Pb, In, Hf, Sn and rare-earth elements and in 
that it is comprised of a balance of Cu and unavoidable impurities and to a high- 
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strength copper alloy with high electrical conductivity and superior oxide film 
adhesiveness as described above, characterized in that its surface roughness, 
that is, the center line average roughness (Ra), is less than 0.20 jam and in that 
its maximum height (Rmax) is less than 1 .5 jam. 
[Specific Description of the Invention] 

We shall now explain the reasons for the limitations on the alloy 
components that constitute the alloy of this invention. 

As a result of the fact that Mn is added to the copper alloy, the oxide film 
adhesiveness of the copper alloy is improved and its strength is also increased. 
The reason why its content is set to greater than 0.1 weight % and less than 10 
weight % is that there is no effect when the content is less than 0.1 weight % and 
that there is marked deterioration of processability and conductance when it 
exceeds 10 weight %. 

The reason why it contains one or two or more elements selected from the 
group comprised of the following: B, P, Be, Al, As, Sb, Si, Ti, Cr, Mg, Fe, Co, Ni, 
Zr, Mo, Ag, Cd, Pb, In, Hf, Sn and rare-earth elements is that its strength can be 
increased without bringing about a marked decrease in conductance by adding 
these elements individually or in combinations. When the content is less than 
0.01 weight %, there is little increase in strength. When it exceeds 10 weight %, 
there is a marked decrease in conductance and there is deterioration in 
processability and solderability. 

The reason why surface roughness is set to less than 0.20 urn for the 
center-line average roughness (Ra) and that the maximum roughness (Rmax) is 



set to less than 1 .5 jim is that the oxide film adhesiveness is improved by making 
the surface smooth. 
[Examples] 

We shall now describe this invention in more specific terms by presenting 
examples. 

Ingots (30 mm x 60 mm x 120 mm) of alloys of various component 
compositions as shown in Table 1 were prepared as alloys of this invention and 
as comparison alloys. Next, the surface of the ingot was planed, after which it 
was hot rolled at 850°C to a thickness of 8 mm. The surface was planed, after 
which it was cold-rolled to 1.5 mm. Following that, melting treatment was 
performed for 10 minutes at 850°C. It was then cooled at a rate of greater than 
10°C/second and washed with acid, and it was cold-rolled to a thickness of 0.25 
mm. These test materials were subjected to aging treatment for a specified time 
at 400°C in a vacuum annealing furnace so that their surfaces did not undergo 
oxidation. The surface roughness of the test materials was adjusted by changing 
the type of roller used in the final cold rolling. 

The items used for evaluation of lead frames and springs were as follows. 
Strength and elongation were determined on the basis of tensile strength. 
Bendability was determined by repeated bending of 90°, and the frequency of 
back-and-forth bending up to the breaking point was determined. Electrical 
conductivity (heat radiation) was shown by conductance (% IACS). Solderability 
was evaluated by the perpendicular immersion method in which the sample was 
immersed for 5 seconds in a solder bath (60% tin, 40% lead) at 230 ± 5°, with the 



state of moisture of the solder being observed macroscopically. Plating 
adhesiveness was evaluated by plating with Ag to a thickness of 3 |i, the test 
material was heated for 5 minutes at 450°C and it was determined by 
macroscopic visual observation whether or not there was any blistering on the 
surface. 

Evaluation of spring characteristics was performed by determining the 
spring threshold value. 

Oxide film adhesiveness was evaluated by heating the test material in the 
atmosphere for 3 minutes at a temperature of 200 to 500°C to produce an oxide 
film on the surface, adhesive tape then being affixed to the surface of the test 
material and it being determined whether or not there was peeling of the oxide 
film when the tape was stripped off rapidly. The temperatures at which peeling of 
the oxide films occurred are shown. 

Table 1 is explained below. 

As should be evident from Table 1 , it was found that the alloys of this 
invention exhibited oxide film adhesiveness that was markedly superior to that of 
the comparison alloys. 

Although alloy Nos. 6, 7 and 9 of this invention have the same respective 
accessory components as the Comparison Alloy Nos. 16, 17 and 20, the 
Comparison Alloy Nos. 16, 17 and 20 do no contain Mn, for which reason their 
oxide film adhesiveness was poor. Further, although Comparison Alloy No. 18 
was tough pitch copper, its strength as a spring material was insufficient. In 
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addition, because Comparison Alloy No. 19 did not contain Mn and did not 
contain accessory components, its strength as a spring material was insufficient. 
[Effect of the Invention] 

The alloys of this invention have sufficient mechanical strength, 
conductance, repeated bending capacity, solderability, plating adhesiveness and 
oxide film adhesiveness and are suitable as high-strength copper alloys with high 
electrical conductivity and superior oxide film adhesiveness that can be used for 
lead materials of semiconductor devices such as transistors and integrated 
circuits, connectors, terminals, relays and switches. 
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